Objective: Type 1 diabetes mellitus (T1DM) leads to increased serum levels of the soluble leptin receptor (sOB-R) by an as yet unknown cellular mechanism. The aim of our study was to investigate potential metabolic factors that may be associated with the induction of the sOB-R release from its membrane receptor. Materials and methods: Twenty-five children (aged between 1.5 and 17.0 years) were studied at the onset of T1DM. Blood samples were collected before (nZ25), during the first 18 h (meanGS.D. 11.1G 4.3 h, nZ16) and 92 h (47.5G22.5 h; nZ14) after beginning insulin therapy. Serum sOB-R and leptin levels were determined by in-house immunoassays. Results: The sOBR-level and the molar sOB-R/leptin ratio were significantly higher before than after starting insulin treatment (P!0.05). In contrast, leptin levels were significantly lower (P!0.05) before insulin therapy. The correlation between sOB-R and blood glucose (rZ0.49; P!0.05), as well as sOB-R with parameters of ketoacidosis, such as pH (rZK0.72), base excess (rZK0.70), and bicarbonate (rZK0.69) (P!0.0001) at diagnosis of T1DM remained significant during the first 18 h of insulin treatment. Multiple regression analysis revealed that base excess predicted 41.0% (P!0.001), age 16.4% (P!0.05), and height SDS 13.9% (P!0.01) of the sOB-R variance. Conclusions: Metabolic decompensation in children with new onset T1DM is associated with dramatic changes of the leptin axis; serum levels of sOB-R are elevated and of leptin are reduced. The molar excess of sOB-R over leptin (median 11.3) in this condition may contribute to leptin insensitivity. Upregulation of the soluble leptin receptor appears to be a basic mechanism to compensate for intracellular substrate deficiency and energy-deprivation state.
Introduction
The ob gene product, leptin (1) , is mainly secreted by the adipose tissue and acts predominantly by binding to hypothalamic cells. Biological effects of leptin include the suppression of food intake and the increase of energy expenditure, and consequently, the regulation of body weight (2) (3) (4) (5) . Several studies have suggested that leptin also influences sexual progression through puberty (6) (7) (8) . Impaired growth and pubertal delay have been observed in children with diabetes (9) (10) (11) . Also, these children tend to develop obesity, even if they are treated with modern insulin therapy. The mechanism of weight and, particularly in girls, of fat gain has not yet been examined; however, there are suggestions of an association between weight gain and hyperinsulinemia, which is reflected by correlations with insulin dose or treatment regime (12) . The soluble leptin receptor (sOB-R) is thought to be shedded from the leptin membrane receptor and acts as a potential modulator of leptin actions. As a molar excess of sOB-R over leptin suppressed leptin bioactivity in vitro, the interaction between sOB-R and leptin may be a causal factor in the pathogenesis of weight gain in vivo (13) . Type 1 diabetes mellitus (T1DM) may lead to increased serum levels of the sOB-R, so far, by an unknown mechanism. The observed molar excess of sOB-R may contribute to leptin insensitivity in these patients, which supports weight gain and a decrease in energy consumption in catabolic conditions like the newly diagnosed T1DM (14) . However, the detailed role of the leptin axis in pathogenesis of T1DM remains unclear. The aim of our study was to investigate whether or not the leptin axis is already disturbed at the manifestation of the T1DM and whether metabolic decompensation reflected by hyperglycemia, ketoacidosis, and increased free fatty acids may be associated with the sOB-R release from its membrane receptor.
Subjects and methods

Patients and controls
With the new onset T1DM, 25 children (aged 1.5-17.0 years) admitted to the hospitals in Erlangen and Leipzig, were investigated. Blood samples collected before the beginning of the insulin therapy (nZ25) were used for clinical chemistry analysis and hormone measurements. These results were compared with levels of the same parameters determined from serum samples received during the first 18 h (meanGS.D. 11.1G4.3 h, nZ16) and 92 h (47.5G22.5 h, nZ14) after the beginning of the insulin therapy. All patients, or their parents, were asked for written informed consent and agreed to participate in the study after approval of the local Ethics Committee. Diagnosis for T1DM was made according to the World Health Organization criteria.
Clinical examination
In all patients, clinical and anthropometric data were recorded using a structured data-sheet during examination before beginning insulin therapy. Weight was measured with light underwear to the nearest of 0.1 kg on a calibrated balance beam scale. Height was measured to the nearest of 0.1 cm using a standardized measuring device (system Keller 2). Body mass index (BMI) was calculated as body weight (kg) divided by height (m) squared. BMI-SDS levels were calculated according to the German Reference Data of KromeyerHausschild from 2002 (15) . Pubertal development was assessed according to Tanner (16) . Diagnosis of diabetic ketoacidosis was confirmed according to the recently published guidelines (17) . The whole set of data is presented in Table 1 .
Biochemical analyses
Blood samples were collected from a cubital vein between 0800 and 1200 h. Samples were centrifuged at 4000 U for 20 min and stored at K25 8C until analysis. HbAlc was measured using the Tina-quant-aHbAlc technique of Boehringer Mannheim. Blood pH, bicarbonate and therefore base excess were determined by the Rapidlab method (Bayer-Diagnostics, Munich, Germany). The automated AutoDELFIA method (Perkin-Elmer-Diagnostics, Brussels, Belgium) was used to analyze C-peptide levels with a sensitivity of 5 pmol/l and intra-/interassay coefficients of variation below 6.3%. Free fatty acids were measured by a standard method from Roche.
Serum parameter of the leptin axis
Leptin was measured by a specific RIA (RIA, Mediagnost, Reutlingen, Germany). The sensitivity of the RIA was 0.04 ng/ml. Intra-and interassay coefficients of variation were below 7.6%.
sOB-R was measured with a ligand-immunofunctional assay (18) . The lowest detectable sOB-R concentration in the assay was calculated to be less than 2 ng/ml. Intra-and interassay coefficients of variation for two control samples were lower than 11.7% (nZ10). The molar sOB-R/leptin ratio was calculated by the measured levels of sOB-R, divided by the leptin values, and multiplied with 0.123 as ratio of the molecular weights between both parameters (13) .
Statistical analysis
For statistical analysis, we used the STATISTICA 6.0 software program. In the case of non-normally 
Results
Patients demonstrated normal anthropometric parameters at diagnosis, but a decompensated metabolic state with hyperglycemia, glucosuria, ketonuria, acidosis and low C-peptide levels ( Table 1) . Leptin levels increased (P!0.05), and sOB-R levels and sOB-R/leptin ratios decreased dramatically (P!0.05) after starting the insulin therapy (Fig. 1a-c) .
A positive correlation was calculated between basal serum sOB-R and blood glucose levels (rZ0.49; P!0.05). Additionally, highly significant correlations between sOB-R and distinctive parameters of metabolic decompensation (Table 2) , such as pH (rZK0.72; Fig. 2 ), base excess (rZK0.70), and bicarbonate levels (rZK0.69) (P! 0.0001) at the diagnosis of T1DM also remained significant within the first 11.1 h of insulin treatment (P!0.02, data not shown). After a median time range of 47.5 h only the base excess remained significantly correlated with sOB-R (P!0.05). On the contrary, at admission to the hospital, leptin levels were correlated with levels of free fatty acids, but were not associated with either BMI or glucose and parameters of metabolic decompensation. Only after 47.5 h of insulin therapy was a trend for the expected positive correlation between leptin and BMI-SDS calculated (rZ0.45; PZ0.08). Multiple regression analysis with sOB-R as dependent and all variables of Table 2 as independent parameters revealed that base excess predicted 41.0% (P!0.001), age 16.4% (P!0.05), and height SDS 13.9% (P!0.01) of the sOB-R variance. A significant association between age and metabolic parameters was not observed.
Discussion
In this study, we demonstrated for the first time that metabolic decompensation in children with newly onset T1DM is associated with dramatic changes of the leptin axis; serum levels of sOB-R are elevated and levels of leptin are reduced. Our finding that leptin levels are decreased at manifestation of T1DM may be explained by the insulin deficiency of our patients, demonstrated by hyperglycemia with low C-peptide levels and is supported by the literature (19) (20) (21) . However, the observation that sOB-R levels associated with a decompensated metabolic state in our patients is new and suggests a leptin-and fat mass-independent regulation of the sOB-R secretion in T1DM. The pathophysiological regulation and the mechanism of this shedding process are not completely understood. A possible explanation for the increase of sOB-R observed in our patients may be the induction of the protein kinase C (PKC) activity in the diabetic state. PKC can induce A disintegrin and metalloprotease (ADAM) 17 (22) , which is able to shed the extracellular domain of cytokine-like hormone receptors, such as the growth hormone-receptor and the OB-R, leading to increased levels of the soluble receptor. The fact that deficiency of substrates for the energy supply, such as lack of intracellular glucose in T1DM, leads to increased levels of circulating sOB-R is in agreement with previous data showing the same effect in conditions with weight loss, malnutrition, insulin treatment of T1DM with poor glycemic control, or nephrotic syndrome (14, (23) (24) (25) (26) . Furthermore, our data suggest that age, height-SDS, and parameters of metabolic decompensation have the strongest power for the prediction of sOB-R variance. Whereas age and height-SDS are well known for their impact on sOB-R levels (18), parameters such as blood glucose, pH, bicarbonate, and base excess have not been described for their correlation with sOB-R data. However, as these parameters indirectly reflect the degree of the lack of substrates, the findings of this study are strongly supported by the above-mentioned studies. Interestingly, we were able to demonstrate that insulin treatment reverses the increased sOB-R levels of the patient in parallel with the improvement of its metabolic parameters within a couple of days. This finding suggests that the shedding process is also strongly associated with the degree of replenishing energy or substrate stores. In contrast, neither glucose nor levels of the parameters characterizing potential diabetic ketoacidosis were significantly correlated with serum leptin levels. We hypothesize, therefore, that the regulation of leptin and sOB-R may be independent from one another at manifestation of T1DM and during its treatment. This must not be the case in non-diabetic subjects, where leptin or fat mass differences may influence sOB-R serum levels (27, 28) . The biological impact of increased sOB-R levels in newly diagnosed diabetes is presently unclear. Due to its binding affinity which is comparable to the binding affinity of the membrane leptin receptor (29, 30) , the sOB-R may modulate leptin action in two ways: first, sOB-R could inhibit the binding of leptin to specific membrane receptors by its direct competition for the ligand. In a recent paper, our group was able to demonstrate that a tenfold molar excess of sOB-R over leptin distinctly suppressed leptin bioactivity in vitro (13) . Up to 1000-fold molar excess shown by this study has not been described in the literature so far. Thus, we hypothesize that this molar excess of sOB-R contributes to leptin insensitivity, which may support substrate uptake and a decrease of energy consumption in a catabolic state like newly diagnosed T1DM. Hyperphagia observed prior to, or shortly after, starting insulin substitution could be partly explained by the distinctive changes of the leptin axis (31, 32) . Moreover, upregulation of the soluble leptin receptor appears to be a common mechanism to compensate substrate deficiency in energy deprivation states. The second explanation implicates that complexes of leptin and sOB-R may delay the renal clearance of the reduced leptin levels circulating at the manifestation of T1DM. By this mechanism, low leptin levels would be saved for the maintenance of essential neuroendocrine functions (33) . Although we cannot definitely assess which of these mechanisms may be physiologically more important, both pathways could be involved in the process of favoring substrate delivery in energy deprivation states. Interestingly, if we assume that the liver is the main source of sOB-R (34), the dynamic changes in sOB-R levels could be used as an indicator for hepatic substrate availability and, therefore, for the control and optimization of insulin treatment in T1DM as well as for the supply of substrate in other catabolic conditions. In conclusion, the finding of elevated sOB-R levels in children and adolescents with diabetes extends circuitry between body weight control and appetite regulation under physiological and pathophysiological conditions. Most interestingly, the question of whether or not patients with potential leptin insensitivity may have a better chance to overcome a state of metabolic decompensation in T1DM should be a goal for further clinical studies.
